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Publication No. JP09-229644A 

Name of invention : Method and Apparatus for Inspecting Appearance 
[Abstract] 

[Purpose] In order to judge the state of mounting parts, after collecting the data for every 
category, it is necessary to extract the feature value (index) used as a judging standard, and 
to create an actual judging standard. 

It aims at enabling it to create the judging standard based on a lot of data, uniting it for a 
short period of time, and optimizing an index efficiently by doing this work using a 
statistical work. 

Solution means: An index is created using the code data obtained by inspection equipment, 
and the validity of the index concerned is examined by performing cluster analysis so that 
the degree of similar may become high within the same cluster, and the degree of similar 
may become low between different clusters.. 
This attains optimization of an index. 

Further, the index created by doing in this way is used as an index of discriminant analysis, 
and let it be the judging standard of a quality judging. 

[Claim 1] In the equipment which forms the image pick-up equipment which picturizes a 
inspected object, captures the image of the inspected object, and inspects the appearance, 
the index for classifying a object to each of the category concerned according to the category 
which shows the condition of the inspected object and which shows a state to be examined 
for every pixel is generated, the value of two or more above-mentioned indices which show 
the state of a object of examination from this code is calculated and the value of this index 
unifies and carries out the class division of the near thing. The visual- inspection method of 
the visual-inspection equipment characterized by searching for the distinction standard 
which separates between the above-mentioned categories, and inspecting the appearance of 
a inspected object by this distinction standard. 
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CLAIMS 

[Claim(s)] 

[Claim 1] In the equipment which forms the image pick-up equipment 
which picturizes an inspected object, captures the image for 
inspected with this image pick-up equipment, and inspects the 
appearance for [ said ] inspected with this image The index for 
classifying an inspected object to each of the category concerned 
according to the category which shows the condition for inspected 
and which was decided beforehand is set up beforehand. When the 
code which constitutes the image for [ said ] inspected and which 
shows a condition to be examined for every pixel is generated, the 
value of two or more of said indexes which show the condition for 
[ said ] inspected from this code is calculated and the value of this 
index unifies and carries out the class division of the near thing The 
visual-inspection approach of the visual-inspection equipment 
characterized by searching for the distinction criteria which separate 
between said categories, and inspecting the appearance for inspected 
by these distinction criteria. 

[Claim 2] In the equipment in which forms the image pick-up 
equipment which picturizes an inspected object, and captures the 
image for inspected with this image pick-up equipment, and said 
inspected object carries out visual inspection with this image 
According to the category which shows the condition to be examined 
decided beforehand, the index for classifying an inspected object to 
each of the category concerned is set up beforehand. The code which 
constitutes said image to be examined and which shows a condition to 



be examined for every pixel is generated. When the value of two or 
more of said indexes which show the condition for [ said ] inspected is 
calculated and the value of this index for [ said ] inspected unifies and 
carries out the class division of the near thing from this code a 
cluster — a tree — forming — this cluster — searching for the 
distinction criteria which separate between said categories based on a 
tree — said cluster — the visual-inspection approach of the visual- 
inspection equipment characterized by inspecting the appearance for 
[ in.which the tree was formed ] inspected. 
[Claim 3] In the equipment in which forms the image pick-up 
equipment which picturizes an inspected object, and captures the 
image for inspected with this image pick-up equipment, and said 
inspected object carries out visual inspection with this image The 
category for sorting out the subject of examination which the 
category of an inspection result understands beforehand, and this 
subject of examination is followed. The index for classifying an 
inspected object to each of the category concerned is set up 
beforehand. The code which constitutes the image to be examined 
which the category of an inspection result understands beforehand 
and which shows a condition to be examined for every pixel is 
generated. When it considers as a criterion in quest of the value of 
two or more of said indexes which show the condition for [ said ] 
inspected and the value of this index for [ said ] inspected unifies and 
carries out the class division of the near thing from this code a 
cluster — a tree — forming — this cluster — the visual-inspection 
approach of the visual-inspection equipment characterized by 
optimizing said criterion by changing an index based on a tree until 
between said categories is separated completely. 
[Claim 4] The visual-inspection approach of the visual-inspection 
equipment characterized by creating a new category by said cluster 
when results other than the category of said inspection result defined 
beforehand arise by the cluster claim 1 term, the 2nd term, or given in 
3 terms. 

[Claim 5] The visual-inspection approach of the visual-inspection 
equipment characterized by making these into the same category by 
said cluster when it cannot distinguish in the category of said 
inspection result defined beforehand by the cluster claim 1 term, the 



2nd term, or given in 3 terms. 

[Claim 6] In the equipment in which forms the image pick-up 
equipment which picturizes an inspected object, and captures the 
image for inspected with this image pick-up equipment, and said 
inspected object carries out visual inspection with this image The 
image pick-up equipment formed in the space which meets the side of 
an inspected substrate to be examined, and the light source annularly 
arranged two or more steps at the core of this image pick-up 
equipment, Switch the lighting by this light source for every stage, 
irradiate towards a field to be examined, and the reflected light of a 
field to be examined is incorporated with said image pick-up 
equipment. An include-angle code data generation means to generate 
the include-angle code data corresponding to the include angle of the 
front face of said inspected substrate to be examined for every pixel 
by the brightness ratio, An index value creation means to create the 
value of the index which shows the condition of a front face to be 
examined from the include-angle code data for every pixel from this 
include-angle code data generation means, Visual-inspection 
equipment characterized by having the means which carries out the 
class division of the value of the index for [ said / two or more ] 
inspected in quest of the distinction criteria separated according to 
said category by unifying things with the near value of this index 
based on the index value created by this index value creation means. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention aims especially the mounting 
condition of the components centering on the condition of soldering at 
efficient and objective creation and its optimization of the criterion of 
a subject of examination (for example, condition of soldering) about 
the approach and actuation which are inspected according to the 
appearance in substrate test equipment (for example, level difference 
lighting type soldering test equipment). 
[0002] 

[Description of the Prior Art] It goes across the applicable field of 
visual-inspection equipment variably, and it has various things also 
about an inspection method. For example, the mounting condition of 
the electronic parts on the printed circuit board to which densification 
and diversification are progressing recently, the visual-inspection 
machine of a soldering joint, etc. are the example. 
[0003] At the mounting process of the printed-circuit board used for 
electronic equipment, in order that the quality of the soldering part 
which joins the electronic parts carried on the substrate may 
influence product reliability, improvement in working capacity, 
automation of the soldering visual inspection aiming at activity quality 
reservation, and mechanization have become common. 
[0004] As an example of such visual-inspection equipment, there is 
level difference lighting type soldering visual-inspection equipment. 
Radical Motohara ** is shown in JP,5-21403,B about level difference 



lighting type test equipment itself, for example. 
[0005] The image of the luminance distribution corresponding to a 
number of include angles of the light source which are equivalent to 
the image pick-up equipment installed up at a part for the number of 
stages of the light source is obtained by this changing the light source 
installed in the include angle from which plurality differs, and making 
the light switch on. Here, the data in the solder side of components 
can be specified by teaching beforehand the components location and 
land location on a substrate. By comparing two or more image data 
within the limits of this about the same pixel, the tilt angle on the 
front face of solder in that pixel is computed. 

[0006] The test equipment which inspects the condition of soldering is 
introduced to JP.4-301 549,A, JP.4-346011 ,A, JP,5-301 549,A, JP,6- 
66528.A, etc. using the image information which changed and obtained 
such level difference lighting. 

[0007] By the way, not only the level difference lighting test 
equipment explained above but the approach of the criteria creation 
for distinguishing in some categories which show the mounting 
condition of inspected components which was being performed 
conventionally Based on the code data with which the skilled operator 
was given as mentioned above The description of distribution of a 
code of appearing in common with components belonging to each 
category, such as lack of the amount of solder, excess, deficiency, 
non-solder, and an excellent article, is investigated and examined. 
Algorithms, such as the approach of choosing a thing with the 
description and a method distinguished applying several kinds of the 
description and applying to a screen, were applied. However, even if it 
was the criterion which carried out in this way and was created, as a 
result of inspecting according to this, the rate which produces a 
misjudgment exception may be high. When such, reconsideration of a 
criterion is required and needed the great effort. 
[0008] 

[Problem(s) to be Solved by the Invention] By the above creation 
approaches of a time limits/maintenance check, by the time it 
algorithm[ mathematization and ]-izes it, using as a criterion the 
description (namely, code distribution peculiar to each category) which 
can distinguish inspected components in the suitable category which 



shows the condition, much time amount, an effort, and experience will 
be required, and will serve as a subjective judgment of an operator. 
The algorithm which compounds how many kinds of those elements 
not only in one more description, and is judged When (for example, a 
case so that it can judge if it combines with another criterion although 
deficiency and the excess of solder are undistinguishable in a certain 
criterion) is adopted When the sequence of the combination is taken 
into consideration or how many kinds of characteristic pattern of that 
category has appeared in coincidence, weighting as priority must be 
performed to each description value in many cases. A trial experiment 
estimates in many cases to perform the setup, and time amount and 
experience are required to make next criterion creation reflect the 
actually carried-out experimental result. 

[0009] It enables it to carry out objective and efficiently evaluation of 
the index for creating the optimal criterion, in order that this invention 
may solve the above troubles by using statistical analysis processing, 
and aims at mitigating the effort which optimization of a criterion 
takes. 
[0010] 

[Means for Solving the Problem] According to the index defined 
beforehand, first, this invention carries out the class division of many 
inspected objects so that it may be divided into a category (for 
example, an excellent article, excess of solder, deficiency). 
[001 1] When an index is not suitable, this class division will lap. That 
is, the judgment belonging to two or more classes is made to one 
subject of examination. In this case, an index is changed, a class 
division is carried out so that it may become according to the 
category which should be inspected again, and things with a near 
index value may belong to the same group, and it asks for a 
discriminant function. The index becomes suitable when the lap of a 
class is lost. Then, an inspected object is divided into a category 
according to this index and a discriminant function. 
[0012] This invention more specifically forms the image pick-up 
equipment which picturizes an inspected object. With this image pick- 
up equipment Incorporate the reflected light for inspected and the 
code which shows the condition to be examined corresponding to 
each pixel which constitutes an image to be examined is generated. 



Two or more data in which many properties, such as a configuration 
for inspected and a condition, are shown from this include-angle code, 
i.e., an index, are created, and the effort which optimization of the 
index for distinction criteria creation takes to this using a cluster 
analysis is mitigated. 

[0013] Using such a cluster analysis, for [ much ] inspected, an index 
is evaluated, it collects into the cluster (cluster) for every category 
for [ which was defined beforehand ] inspected, the index which can 
separate between categories the optimal is created, and the category 
which carries out a group respectively about the inspected object of 
said large number is judged after that based on the index. 
[0014] Moreover, in teaching, evaluation of the index using the above 
cluster analyses as an exception method defines the category for 
sorting out a subject of examination beforehand, and can be carried 
out by gathering teaching the sample data of a large number which 
should belong to each of the category, and its data in a cluster 
(cluster). The index and discriminant function which can separate 
between categories the optimal based on this result are created. 
[0015] thus — using the cluster analysis which is one of the 
multivariate analyses — statistical — a lot of data — a short time — 
and it becomes possible to treat objective. For example, when 
combining two or more kinds of indexes which were stated according 
to the item of Object of the Invention and creating a criterion, those 
usefulness can be evaluated in the phase of clustering of sample data. 

[0016] 

[Embodiment of the Invention] About the soldering test equipment 
previously explained as an example of this invention, it is explained 
below at a detail, using level difference lighting type soldering visual- 
inspection equipment as an example. 

[0017] About the example of introduction this invention, the flow of 
the whole inspection routine is explained using drawing 2 . Although 
instruction (teaching) of a category is performed in drawing 2 , the 
teaching mode in general semantics is not formed. That is, the sample 
itself is a subject of examination, and the sample which is a subject of 
examination is processed, a criterion is created, and it asks for the 
inspection result of the sample itself after that. On the other hand, by 



the conventional general inspection approach, teaching mode is 
formed, and the sample data used at this time is a sample to the last, 
and does not inspect the sample itself. 

[0018] In addition, in the example of this invention, a subject of 
examination is taken as the soldering section of the printed circuit 
board in which electronic parts were mounted as an example. 
[0019] Beforehand, an index is set up before start 11 1. An index with 
which the description of each category (for example, an excellent 
article, excess of solder, deficiency) of an inspection result appears is 
defined. 

[0020] Next, it asks for all code data to be examined. Substrate 
carrying in, creation 113 of code data. 114 [ next, ] which extracts an 
index value from the code data of each inspection substrate. Next, 
115 which performs instruction (teaching) of a category, and are 
recording of a sample. In addition, instruction of a category may be 
before a start. 112 which repeats 113, 114, and 115 until all code data 
to be examined and index values can be found. 

[0021] Next, 116 classified into a cluster. 116, 117, 118 which perform 
a class division (cluster analysis) of all the inspected substrates that 
it is going to inspect according to the index defined in said 1 14 so that 
things with a near index value may form a group. Since this cluster 
classification is the main point of this invention, it is later explained to 
a detail. 

[0022] Next, 1 1 9 which creates a criterion (extract of a discriminant 
function). The criterion for carrying out the class division for which it 
asked in the preceding paragraph is searched for. As a criterion, i.e., 
an example, it is a discriminant function. A discriminant function is a 
function which separates sample data based on an index value as 
shown in the alternate long and short dash line 95 of drawing 8 . In 
this drawing, 90, 91, and 92 are sample data and X1 and X2 show an 
index value. 

[0023] 120 which asks for the category (that is, inspection result) of 
said inspected substrate, and judges a category based on the 
discriminant function for which it asked for the preceding clause. 
[0024] Drawing 4 is drawing showing the basic system configuration of 
level difference lighting type soldering test equipment, 40 is a ring-like 
illuminator, and, for 40-1, as for the Nakagami stage lighting and 40-3, 



upper case lighting and 40-2 are [ the Nakashita stage lighting and 
40-4 ] lower-berth lighting systems. For the store with which the 
stage by the X-Y table to which 41 moves the image pick-up 
equipment for image inputs, such as a television camera, and the 
substrate in which 43 carried the inspected components 50, and 44 
include the video signal of image pick-up equipment 41, and 45 
includes an A-D converter etc., and 46, as for a code generator and 
48, lighting switch equipment and 47 are [ a trolley table control unit 
and 49 ] the recognition processing sections. 

[0025] In this test equipment, it has the annular light source 40 which 
has arranged the point light source to two or more steps centering on 
the optical axis of image pick-up equipment 41, and light is separately 
irradiated for every stage to the subject of examination 50 on a 
substrate. The substrate is carried on X-Y table 43, and it is possible 
to move into the visual field of an image input unit, and to inspect all 
subjects of examination. Here, in order to make an understanding 
easy, radical Motohara ** is explained based on drawing 5 . As for the 
lead section and 61, in this drawing, 50 is [ the solder section and 60 ] 
lands. 

[0026] Although the light irradiated from the light source is reached 
and reflected in a solder front face etc., as for the light irradiated from 
the same include angle as everyone knows, the reflective direction 
changes with differences in the include angle of a reflector. When it 
puts in another way concretely, the light from whenever [ angle-of- 
elevation / of the upper case lighting 40-1 ] will be reflected up, when 
a reflector is a low include angle, and the light from the low include 
angle of the lower-berth lighting 40-4 will be reflected up at the time 
of an include angle with the reflector near 45 degrees. The image of 
the luminance distribution corresponding to a number equivalent to a 
part for the number of stages of the light source of include angles of 
the light source will be obtained by the image pick-up equipment 
installed up by switching the light source installed in return and the 
include angle from which plurality differs as mentioned above to 
drawing 4 , and switching it on. Then, the data in the solder side of 
components can be specified by teaching beforehand the components 
location and land location on a substrate. By comparing two or more 
image data within the limits of this about the same pixel, the tilt angle 



on the front face of solder in that pixel is computed. 
[0027] In this way, the computed include angle is expressed as an 
include-angle code of 1-8 sequentially from a low include angle. 
Drawing 6 and drawing 7 explain this. Drawing 6 is the external view 
which saw the solder side to be examined from the slanting upper 
part, and shows further the line of the matrix which shows distinction. 
[0028] Drawing 7 shows the include-angle code obtained 
corresponding to this matrix. In addition, there is no mutual relevance 
in drawing 6 , the matrix number of partitions of drawing 7 , and a 
code. That is, the value of the include-angle code shown in the 
example of drawing 7 does not show the condition of the example 
shown in drawing 6 . Moreover, the matrix number of partitions is not 
in agreement. 

[0029] In addition, the technique to ** which decomposes an image to 
be examined for every pixel, and gives the code according to the 
condition of the pixel, i.e., the include angle on the front face of solder, 
to each pixel is common knowledge as it was expressed previously. 
[0030] Usually, the verification mode for performing inspection in-line 
[ usual ] to test equipment as a mode of operation and various kinds 
of parameters with off-line are taught, or there are some which have 
the teaching mode for extracting the data about it. ** and this 
example explain the verification mode for conducting inspection in-line 
[ usual ] so that the description of this invention may become clear 
like the above-mentioned. A hardware configuration top installs the 
database 51 (refer to drawing 4 ) for saving various data. 
[0031] Here, the aforementioned index is explained. An index is a 
variable which shows the description of the object which analyzes in 
statistics processing. It processes and asks for code data as shown in 
drawing 7 as an index. For example, n division into equal parts of the 
whole code matrix is done, and the average of the code of each 
partition is calculated. Or the core of a code matrix is searched for 
and it is in quest of the average of the code of this near etc. It is the 
value drawn by such processing. However, the element (code) of each 
of matrices may be adopted in a form as it is. 
[0032] Hereafter, an index is created concretely, it is optimized and 
how to perform category distinction is explained to a detail. 
[0033] The case where they are distinguished about the object which 



consists of a category (for example, an excellent article, deficiency, 
and excess of solder) which shows three mounting conditions as an 
example is explained. 

[0034] The index which are introduction and data in which the 
description to be examined is shown is created, and the case where 
the creation approach is optimized is explained using each drawing. 
[0035] The code data of the solder side of inspected components as 
shown in drawing 7 R> 7 with the method which made reference 
previously to each part article are created by the code generator 47 
of drawing 4 . 

[0036] Substrate carrying in, creation 113 of code data. In the 
recognition processing section 49 from this code data, about dozens 
of kinds of said indexes are searched for from some kinds. In the 
following examples, in order to simplify explanation, the number of 
indexes is set to two. Calculation 1 14 of an index. 
[0037] Here, calculation of this index is explained. 
[0038] In the following explanation, as shown in drawing 7 , it divides 
into two equally in the straight line 82 which shows code data by the 
dotted line, and a criterion is created by making the average into an 
index value. That is, two kinds of indexes will be created by dividing 
into two equally. (If it is n present n kinds of indexes) . In addition, it 
determines whether a matrix is divided in what kind of location, or a 
part is carried out in any way by the class of category for which it 
asks. 

[0039] In this example, as the dotted line 82 of drawing 7 shows as an 
example of two division into equal parts, when dividing code data up 
and down, the arithmetic mean of the code of the pixel contained 
about each partition of the divided bottom 80 and the bottom 81 is 
calculated. Now, the average of the bottom 81 is expressed with 
variable x2 for the average of a top 80 to x1 and this appearance. 
Instruction of a category and are recording 1 15 of a sample are 
performed. 

[0040] Thus, evaluation with the three above-mentioned category 
excellent articles, deficiency, and excess separable [ with the index 
value computed and accumulated ] is judged by the cluster 1 16. Thus, 
it accumulates for every category which shows the mounting condition 
which defined the computed average in order to classify as a 



judgment result beforehand. 

[0041] Next, this cluster analysis is explained to a detail. 
[0042] When the data of a sample are now plotted on the two- 
dimensional flat surface centering on x1 and x2, suppose that it 
became distribution as shown in drawing 8 . This drawing shows 
distribution of the index values X1 and X2 of three sample data. That 
is, this drawing shows three points, 90, 91, and 92, as a representation 
point among all data. Next, these points are unified in accordance with 
the criteria beforehand defined by the technique of a cluster analysis. 
Here, it shall suppose that the distance of Euclid shown in a formula 
(1) as these criteria (similarity) is used, and things with the shortest 
distance shall be combined as the joint approach between data. 
[0043] Formula 1 [0044] 
[Equation 1] 



[0045] In addition, it considers as what was combined, constructed 
(aggregate of two or more points), and became icluster, and the thing 
which is distance most in the pair of all the points included in ****** 
about the integration which others construct (or one point) and which 
is combined based on the distance of a between although it is short. 
[0046] Here, besides the above-mentioned minimum-distance method, 
this is made into the representation point of the cluster concerned in 
quest of the center of gravity in each cluster, there are a method of 
elastic center which defines the distance between this representation 
point as the distance between clusters, the longest distance method, 
the group method of averaging, the median method, the ward method, 
etc. in the approach (the approach of a definition of distance) of 
association with this group and group that were combined, and each 
serves as the approach of an original cluster analysis at it. In addition, 
about the technique of these cluster analyses, and a name, modern 
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mathematics company 1983 first-edition issue, Yutaka Tanaka and 
Kazumasa Wakimoto work "a multivariate statistics analysis method" 
and KYORITSU SHUPPAN 1984 first-edition issue, and Yutaka 
Tanaka and Tarumizu are explained to **, Kazumasa Wakimoto work 
"the amount analysis of personal computer statistical analysis 
handbook II(s)", etc. in detail. 

[0047] By this approach, in the example shown in drawing 8 , a point 
91 and a point 92 are combined first, and these groups and points 90 
are combined continuously. 

[0048] Thus, it becomes a tree diagram when distance (similarity) is 
taken and illustrated on an axis of ordinate, as shows a process until 
all data are combined to drawing 1 . This drawing is carrying out the 
case where the number of sample data is seven. Thus, in the example 
of drawing 1 , three clusters (cluster of points 20 and 21 , a point 22, 
and 23 and 24 and points 25 and 26) are formed to the obtained tree 
diagram by what is cut with a certain similarity (distance; in this case 
height) (dotted line 27). Thus, the divided clusters of each serve as a 
category which shows a mounting condition, i.e., the excellent article 
of solder, deficiency, and excess. 

[0049] Next, an index is adjusted so that, as for between the clusters 
from which, as for the data contained in the same category as it is 
shown in drawing 3 R> 3, as a result of performing cluster-analysis 
processing to the data of the category given like the drawing 2 flow 
chart as an approach of optimizing a cluster, similarity differs highly (in 
short distance) as much as possible, similarity may become low as 
much as possible (in long distance) and it may be combined. In three 
categories, the excess of solder and a category 31 show an excellent 
article, and, as for a category 30, a category 32 shows deficiency. 
[0050] The example of drawing 3 shows the tree diagram in the case 
of a measurement size 16. Next, the concrete example of this cluster 
analysis is explained to a detail. In addition, it supposes that the 
method of elastic center which compares the center-of-gravity 
location of the data contained in each cluster as a distance between 
each cluster as the technique of a cluster analysis of using is used, 
and the following explanation explains the step of the cluster analysis 
of the measurement size 16 shown in drawing 3 here. 
[0051] Drawing 10 is drawing showing the joint process of subject-of- 



examination each sample. Drawing 1 1 shows each index value to be 
examined. Drawing 26 shows the step of a correspondence cluster 
analysis to Euclidean distance from drawing 1 2 . If a way of speaking 
is changed, drawing 1 2 to drawing 26 will be drawing having shown the 
joint process of a sample in order. 

[0052] In drawing 26 , the numeric value of 1 to 16 of an axis of 
ordinate and an axis of abscissa shows the sample number of a 
subject-of-examination inspected substrate from drawing 1 2 . 
Moreover, each of each sample is one cluster. The numeric value 
shown in the column which an axis of ordinate and an axis of abscissa 
intersect shows the Euclidean distance between each sample. 
Euclidean distance indicates that similarity stated previously. 
[0053] Here, the value of the distance of drawing 26 is explained from 
drawing 12 . 

[0054] The distance of Euclid for two points is a formula (2). 
Formula (2) 
[0055] 
[Equation 2] 

i (x, -x 2 ) 2 +(y i -y 2 ) 2 

[0056] Although it comes out, the distance value in drawing is [0057]. 
[Equation 3] 

[0058] It omits in the 3rd place of decimal point of the value of ** a. 
[0059] A sample number 1 and a sample number 5 are unified 
(distance value 1.01), as shown in drawing 3 , a cluster is made from 
the 1st step, and this is represented with it by the number of the 
smaller one so that drawing 1 2 may show. For this reason, by drawing 
13 which is the 2nd step, the value of the Euclidean distance of the 
item of a sample number 5 is lost by integration of a sample number 5. 
Next, the location representing the cluster 1 which consists of a 
sample number 1 and a sample number 5, i.e., both center of gravity, is 
newly calculated. Thereby, since the location of a cluster changed, the 
distance of a sample number 1 and other samples is changing. 
[0060] Next, a sample number 2 and a sample number 9 are unified 
with the distance value 0.01, and make a new cluster. Let this be a 



cluster 2. By integration of a sample number 9, the value of the 
Euclidean distance of the item of a sample number 9 is lost in drawing 
1414 . Thus, it progresses with drawing 1 5 and drawing 1 6 , and a 
sample number 13 and a sample number 14 are unified in drawing 1 7 . 
[0061] Consequently, as shown in drawing 1 7 , the distance value of a 
cluster 13 and a sample number 6 serves as the shortest, and both 
are unified. This is repeated below with drawing 18 , drawing 19 , 
drawing 20 , drawing 21 R> 1 , drawing 22 , drawing 23 , drawing 24 , 
and drawing 25 , and as finally shown in the 1 5th step and drawing 26 , 
a cluster 1 and a cluster 3 are unified with the distance value 30.13. 
Drawing 10 shows the joint process at this time. 
[0062] If it is correctly classified into the obtained category as a 
result of such a cluster analysis, based on the index at that time, 
distinction criteria will be created and all samples will be judged based 
on the criteria. Distinction criteria are a discriminant function 
(alternate long and short dash line 95) shown in drawing 8 . 
Optimization termination 118. 

[0063] Here, when the data of a different category are combined 
mutually, it turns out that an index is unsuitable. That is, if a subject 
of examination is expressed with the index, as shown in drawing 9 , 
distribution of the data of each category will overlap. In this case, in 
two indexes, X1 and X2, it turns out that it cannot distinguish. In this 
case, it adjusts so that an index may be changed and it may not be in 
such a condition. The optimization termination 1 18, No, resetting of an 
index, calculation 117 of an index value. 

[0064] Moreover, when a result which is different from the inspection 
result investigated beforehand as a result of carrying out a cluster 
analysis is obtained, and when a mounting condition performs a cluster 
analysis using the data of a strange substrate, the category for a 
mounting condition judging adapted to that mounting Rhine can be 
created by performing a new category division according to this 
cluster classification. 

[0065] Thus, the created index is used for creation of a mounting 
condition criterion by applying to technique, such as discriminant 
analysis. 

[0066] Moreover, in test equipment, as shown in the verification mode 
for conducting inspection in-line [ usual ] as a mode of operation, and 



the flow chart of drawing 2727 , various kinds of parameters with off- 
line may be taught, or you may have the teaching mode for extracting 
the data about it. 

[0067] In this invention, an inspection result is obtained in the place 
which inspected all subjects of examination. However, if the class of 
substrate used as a subject of examination is the same and a 
category's is the same, an inspection result can also be calculated 
only from an index value based on the index value acquired by 
carrying out such. 

[0068] The teaching mode in general semantics is not formed in 
drawing 2 . That is, the sample itself which created the cluster 
classification and the criterion is a subject of examination, and the 
sample which is said subject of examination is processed, a criterion 
is created, and it asks for the inspection result of the sample itself 
after that. 

[0069] On the other hand, as shown in drawing 27 , teaching Mode S 
131 may be formed, the substrate which the inspection result of the 
components mounted beforehand understands in teaching mode may 
be inserted, and a cluster and a distinction value may be calculated 
first. 

[0070] The flow chart of drawing 27 is what was shown from teaching 
mode, calculates the index value of sample data from a cluster 
classification etc. in teaching mode in this case, and judges the 
category of a substrate in the verification mode from the comparison 
with the index value calculated in teaching mode. Although actuation 
at each step of drawing 27 is as having explained previously, it 
explains briefly. Substrate carrying in, the extraction 133 of code data, 
the calculation 134 of a front value, instruction of a category, and the 
sample are recording 135 are repeated until the charge of a sample 
becomes optimum dose. The amount of samples is optimum dose 132. 
Next, by the verification mode, carrying in of a substrate, the 
extraction 1 33 of code data, the calculation 1 34 of an index value, and 
judgment 135 are performed to the verification mode 150 the 
optimization termination 1 38, the creation 1 39 of a criterion, and after 
that after the cluster classification 1 36, resetting of an index, and the 
calculation 137 of an index value. 

[0071] Although the example which used the level difference lighting 



system was explained in the above example in order to obtain the 
include-angle code data on the front face of solder If the condition is 
known very much, even if the condition of the front face of solder will 
not be based on such a level difference lighting system not as well as 
an include angle but as well as not being include-angle data If it is 
data which the situation of a solder side understands, it is clear from 
the explanation that you may be equipment using illuminators 
according to color, such as the usual illuminator, or R, G, B. 
[0072] Furthermore, this invention can begin visual inspection, and 
can use it for the equipment which divides this for every class or 
category based on the data obtained by the sensor, and a subject of 
examination is not restricted to a solder side. It cannot be 
overemphasized that it is used for the check of chips other than 
inspection of a solder side (for example, IC) etc. as it is. 
[0073] 

[Effect of the Invention] Since evaluation by a lot of data based on 
statistics processing can be performed, and the distribution situation 
(similarity) of each sample data is evaluated about the index creation 
for performing the judgment according to the mounting condition to 
inspected components by using the technique of this invention (it 
classifying into a category) and it appears, optimization of an index 
becomes easy, it unites and reduction of costs can be expected. 
Moreover, in test equipment, although a misjudgment exception may 
be produced by modification of the condition of mounting Rhine etc., 
in order to lessen this rate, also when the index optimizes, the same 
thing can be said. 

[0074] Moreover, like the example shown in the example, not only like 
the approach of dividing code data but like before, since it can 
evaluate before actually including in an inspection algorithm also about 
evaluation of the index created based on experience of an operator, 
reduction of rating can be aimed at. 

[0075] Moreover, the index concerned is unsuitable when between 
each category is not separated by the case where the sample data 
whose mounting condition is known is used for example, or it cannot 
classify according to the data from the first — etc. — it becomes a 
decision ingredient. 

[0076] Furthermore, it is also possible to create the new 



categorization which followed the formed cluster by examining the 
condition of a cluster that the mounting condition was formed using 
the data of a strange substrate (that is, creation of the category 
adapted to a mounting condition). 



[Translation done.] 
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